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Attentional processes play an important role in the processing of emotional information.
Previous research reported attentional biases during stimulus processing in anxiety and
depression. However, sex differences in the processing of emotional stimuli and higher
prevalence rates of anxiety disorders among women, compared to men, suggest that
attentional biases may also differ between the two sexes. The present study used a
modified version of the dot probe task with happy, angry, and neutral facial stimuli
to investigate the time course of attentional biases in healthy volunteers. Moreover,
associations of attentional biases with alexithymia were examined on the behavioral
and physiological level. Event-related potentials were measured while 21 participants (11
women) performed the task, utilizing also for the first time a difference wave approach
in the analysis to highlight emotion-specific aspects. Women showed overall enhanced
probe P1 amplitudes compared to men, in particular after rewarding facial stimuli. Using
the difference wave approach, probe P1 amplitudes appeared specifically enhanced with
regard to congruently presented happy facial stimuli among women, compared to men.
Both methods yielded enhanced probe P1 amplitudes after presentation of the emotional
stimulus in the left compared to the right visual hemifield. Probe P1 amplitudes correlated
negatively with self-reported alexithymia, most of these correlations were only observable
in women. Our results suggest that women orient their attention to a greater extent to
facial stimuli than men and corroborate that alexithymia is a correlate of reduced emotional
reactivity on a neuronal level. We recommend using a difference wave approach when
addressing attentional processes of orientation and disengagement also in future studies.
Keywords: sex differences, dot probe paradigm, attentional bias, difference wave approach, probe P1 amplitudes,
alexithymia
INTRODUCTION
Attentional processes play an important role in the processing
of emotional information and with regard to the development
and maintenance of symptoms of anxiety and depression: anxious
and depressive subjects allocate more attention to threatening
stimuli and less attention to pleasant stimuli and cues of reward
(e.g., Bar-Haim et al., 2007; Frewen et al., 2008; Staugaard, 2010;
Yiend, 2010). Women are known to have higher prevalence rates
of anxiety disorders than men (e.g., Kessler et al., 2005) and
it is also an established finding that there are sex differences
in the processing of emotional stimuli (Cahill, 2006). Killgore
and Yurgelun-Todd (2001) observed enhanced activation in the
right amygdala when presenting happy faces only in their male
participants. In contrast, the presentation of fearful faces evoked
enhanced left amygdala activation in both sexes. Derntl et al.
(2009) also reported subtle sex differences in amygdala activation.
Enhanced bilateral amygdala activation was positively related to
better fear recognition only in their male participants. Impor-
tantly, the amygdala is considered to be actively involved in driv-
ing emotional enhancement, i.e., exerting modulatory influence
on visual processing of emotional stimuli (Vuilleumier et al.,
2004).
Based on the enhanced prevalence rates for anxiety disorders
in women and reported sex differences during the processing of
emotional stimuli, it can be hypothesized that also attentional
biases differ between the two sexes. There is indeed a growing
number of attentional bias studies that reported sex differences
on the behavioral level (Tan et al., 2011; Donges et al., 2012; Tran
et al., 2013), but also on the neuronal level (Sass et al., 2010).
Women have a greater ability than men to perceive and respond
to positive stimuli at an automatic processing level (Donges et al.,
2012), and show enhanced neural activity during early visual
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processing stages compared to men, regardless of the emotional
content of the stimuli (Sass et al., 2010). Moreover, in anxiety,
attentional biases toward threat may be a phenomenon that is
limited to women as suggested by recent studies (Tan et al., 2011;
Tran et al., 2013).
A widely used paradigm to investigate attentional biases is the
dot probe task (see Bar-Haim et al., 2007). In the original version
(MacLeod et al., 1986), participants were shortly presented with
two words on the left and right side of a computer screen. One
of these words was emotionally valenced, the other one was
neutral. Immediately after display offset, a dot (i.e., the “probe”)
appeared in the location of one of the words; either in the
location of the emotional stimulus (consequently a “congruent
trial”) or in the position of the neutral one (consequently an
“incongruent trial”). Participants’ task was to indicate visual
detection of the probe by pressing a corresponding button as
fast as possible. Following theoretical considerations (MacLeod
et al., 1986), response times should be shorter for congruent
trials in case attention is captured by the emotional stimulus.
If attention is directed away from the emotional stimulus (i.e.,
an avoidance reaction), response times should be shorter for
incongruent trials. Subtracting mean response times in congruent
and incongruent trials results in a commonly used bias index
(BI). This BI is positive when attention is drawn to emotional
stimuli and negative when emotional stimuli are avoided. How-
ever, this BI might not be able to distinguish different atten-
tional processes from each other. Positive scores may either be
due to fast reactions in congruent trials (suggesting increased
attention toward target stimuli) and/or due to slow reactions
in incongruent trials (suggesting delayed disengagement from
target stimuli; Salemink et al., 2007; Cisler and Koster, 2010).
To avoid this ambiguous constellation, adding trials with two
neutral stimuli may allow to differentiate fast orienting more
clearly from a difficulty to disengage as reaction times in the
neutral–neutral trials may serve as a baseline measure. Studies
applying these modified task version suggested that anxiety-
related attentional biases seem to reflect specifically effects of
delayed disengagement, but not of increased attention (Cisler and
Koster, 2010).
Reaction times are one dependent measure to assess atten-
tional biases, but may be prone to measurement error (e.g.,
Waechter et al., 2014). To further elucidate attentional processes,
previous studies have also investigated physiological measures
during the dot probe task. Event-related potentials (ERPs) evoked
by visual task displays of the dot probe task are a useful tool to
further disentangle underlying attentional processes since they
provide millisecond precision. The current study particularly
focused on an ERP evoked by the probe presentation—the P1
component (termed “probe P1” in the following)—as did several
other attentional bias studies (see below).
The P1 is a positive-going ERP with peak latencies between
100 and 130 ms after visual presentation at parieto-occipital and
occipital electrode positions (Luck, 2005). It indexes an early stage
of visual processing, as with regard to luminance or contrast
(i.e., low-level visual features; Luck, 2005). However, apart from
low-level visual processing, the P1 amplitude is also modulated
by top-town attentional processes. P1 amplitudes were reported
to be enhanced for attended, compared to unattended, stimuli
in spatial attention paradigms (Hillyard and Anllo-Vento, 1998;
Luck and Ford, 1998) and have also been linked to emotional
face categorization processes (Linkenkaer-Hansen et al., 1998;
Pizzagalli et al., 2002). Specifically, modulation of P1 amplitudes
is larger for negative emotional faces than for positive emotional
faces (Ito et al., 1998; Smith et al., 2003).
Recent studies in healthy participants reported enhanced
probe P1 amplitudes after angry compared to happy faces
(Santesso et al., 2008) and after fearful compared to happy faces
(Pourtois et al., 2004) in a dot probe paradigm, and enhanced
P1 amplitudes to emotionally congruently primed targets (i.e.,
fearful faces) in contrast to incongruently primed ones in a spatial
cueing paradigm (Brosch et al., 2011). Santesso et al. (2008)
interpreted their results as indicative of increased sensory gating
for emotionally cued stimuli in the visual cortex and in line with
theories on hyper vigilance toward threat. However, in their tasks,
Santesso et al. (2008) and Pourtois et al. (2004) were not able to
distinguish increased vigilance from disengagement difficulties.
Brown et al. (2010) specifically reported that both evolution-
ary relevant (e.g., pictures of snakes or spiders) and irrelevant
threatening stimuli (e.g., pictures of knives and syringes) evoke
enhanced probe P1 amplitudes in congruently primed trials,
compared to incongruently primed ones. This finding speaks
for the universality of the so-called threat-superiority effect—
meaning that any threatening stimuli accompanied by fear or
danger easily capture attention compared to non-threatening
ones (Öhman et al., 2001; Smith et al., 2003; Blanchette, 2006).
In contrast, Eldar et al. (2010) found no probe P1 amplitude
variation in response to angry or happy faces in anxious and non-
anxious participants, using a block design to present the different
emotions.
In summary, the results of extant studies on probe P1 ampli-
tudes are rather inconsistent. Notably, participant sex was not
controlled for in these studies and most of them did not include
neutral stimuli in their paradigms (but see Eldar et al., 2010, and
O’Toole and Dennis, 2012) or did not analyze them. The internal
validity and generalizability of previous studies thus appears, both
on the behavioral and the physiological level, limited. For the
ERPs, neutral trials allow the calculation of differences waves to
further extract relevant ERP amplitude variation. Neutral–neutral
stimulus pairs could thus serve as individual baselines when
calculating participant- and emotion-wise difference waves. The
difference wave approach might be better suited to disentangle
vigilance and disengagement effects (Luck, 2005).
In order to elucidate and to expand on previous inconsistent
findings, the present study focused on the examination of sex dif-
ferences in probe P1 amplitudes, utilizing the dot probe paradigm
with emotional facial stimuli. As a novel and unique procedure
in neuroscientific attentional bias research, we implemented a
difference wave approach for the study of attentional biases. This
was possible because we included neutral–neutral trials in our
electroencephalogram (EEG) paradigm, as suggested by Salemink
et al. (2007) for behavioral data. Given previous results on sex
differences with regard to attentional processes and attentional
biases (see above), we expected overall enhanced ERP amplitudes
among women compared to men. As we expected ERP amplitudes
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to be specifically enhanced during early stimulus processing stages
for attended stimuli (Luck, 2005), the P1 component time interval
lay in the focus of the present study. Data of a community sample
were used, as we were interested in sex differences in the general
population. Psychological symptoms were assessed in the course
of data acquisition. Potential sex effects were explored both in
behavioral and neuronal correlates of the dot probe task, using
alternative bias indices as proposed by Salemink et al. (2007) to
differentiate fast orienting from a difficulty to disengage on the
behavioral level (see Materials and Methods) and a difference
wave approach for ERPs. Additionally, we assessed associations of
attentional biases on the behavioral and physiological level with
alexithymia, which has been repeatedly reported to be related
to emotion processing (e.g., Franz et al., 2004; Eichmann et al.,
2008; Reker et al., 2010). Alexithymia can be described as the
inability to identify, describe, regulate, and express emotions
(Sifneos, 1976) and is considered to be a continuous personality
trait (Jessimer and Markham, 1997). Previous research has linked
disturbed emotion regulation in alexithymia with deficits in the
processing stream of emotional stimuli (Lane et al., 2000; Berthoz
et al., 2002; Mantani et al., 2005). This relation might be also
seen in attentional biases. Moreover, several studies reported
P1 amplitude variation in relation to alexithymia when partic-
ipants were presented with emotional stimuli (Schaefer et al.,
2007; Pollatos and Gramann, 2011). Therefore, we assessed alex-
ithymic traits in the participants of the current dot probe exper-
iment to assess a possible link between attentional biases and
alexithymia.
MATERIALS AND METHODS
PARTICIPANTS
Twenty-one volunteers (11 women; all sampled from the commu-
nity) participated in the present study. Mean age of all participants
was 27.3 ± 3.58 years, ranging from 23 to 34. All participants
were right-handed (Edinburgh Handedness Inventory; Oldfield,
1971), had normal or corrected-to-normal vision, and reported
no past or present neurological or psychiatric disorder. Most
participants (n = 20; 95%) reported non-clinical levels of current
psychological symptoms [T scores <63 in the relevant scales of
the SCL-90-R (Symptom Checklist-90-Revised); see below]. One
male participant (5%) reported elevated levels in anxiety, depres-
sion, and global psychological distress. This was not unexpected
as using a cutoff of 63, roughly 10% of the general population are
expected to show elevated scores.
This study was conducted in accordance with the Declaration
of Helsinki (1983) and local guidelines of the University of Vienna
and the Faculty of Psychology. All participants gave written
informed consent prior to the experiment.
QUESTIONNAIRES
Prior to the EEG data collection, participants completed several
psychological questionnaires.
Psychological symptoms
Current psychological distress, depression, and anxiety were
assessed with the 90-item Symptom Checklist (SCL-90-R; Ger-
man version: Franke, 2002). The SCL-90-R assesses the prevalence
and distress caused by a variety of symptoms during the last
7 days. Depression and anxiety were assessed with 13 and 10 items,
respectively. Psychological distress (Global Severity Index; GSI) is
operationalized as the mean of all 90 items. Items were scored
from 0 (not at all) to 4 (extremely). In the current sample, Cron-
bach alpha for scales of depression, anxiety, and psychological
distress was 0.81, 0.85, and 0.95, respectively. T scores ≥63 may
be considered clinically relevant, according to the published norm
data of the instrument.
Self-reported alexithymia
Ratings of alexithymia were obtained with the 26-item Toronto
Alexithymia Scale (TAS-26; German version: Kupfer et al., 2001).
The TAS-26 assesses three components of alexithymia: difficulties
in the identification of feelings (DIF; seven items), difficulties
describing feelings (DDF; five items), and externally oriented
thinking (EOT; six items). Items were scored from 1 (strongly
disagree) to 5 (strongly agree). Cronbach alpha in the current
sample was 0.68 (DIF), 0.61 (DDF), and 0.33 (EOT), which
is in accordance with published validity data, except for EOT,
where Cronbach alpha appeared unacceptably low in the current
sample. The TAS-26 also allows the computation of a total score
(Cronbach alpha = 0.64 in the current sample) that was, however,
not used in the present study.
TASK AND PROCEDURE
The synchronization of the stimulus presentation with the EEG
recording was implemented by E-Prime 2.0 software (Psychology
Software Tools, Inc., Sharpsburg, PA, USA) running on a Pentium
IV, 3.00 GHz machine. During EEG data collection, participants
were seated comfortably in a sound-attenuated room in front of
a 21 inch cathode ray tube monitor (Sony GDM-F520; 75 Hz
refresh rate) with approximately 70 cm distance to the screen. A
modified version of the dot probe paradigm by MacLeod et al.
(1986) was applied. Participants’ task was to indicate the location
of a probe stimulus on the screen via corresponding button press.
Each trial started with the central presentation of a black fixation
cross against a white background for 750 ms. Subsequently, two
pictures depicting faces were presented to the left and to the right
of the fixation cross (i.e., left or right visual hemifield; picture
size: 4 cm × 5 cm; distance from fixation cross to picture center:
4 cm). These pictures were taken from the FACES database (Ebner
et al., 2010), utilizing emotional and neutral facial expressions
of four female posers and four male posers, and presented for
500 ms. Afterward, the faces disappeared and a black dot (the
“probe”) was blended in for at most 3000 ms, either on the
position of the left or the right face picture. Participants had
to indicate dot location, i.e., right or left half of the screen, by
pressing a corresponding button on a standard keyboard with
their right (“j”) or left (“f ”) index finger. Immediately after the
button press, the dot disappeared and the fixation cross was
presented again with a variable duration of 750–1000 ms. Each
trial consisted either of the combination of an emotional and
a neutral face picture by the same poser or of the combination
of two neutral face picture by the same poser. Emotional facial
expressions depicted anger, disgust, fear, happiness, and sadness
(Ekman, 1992). Each emotion-neutral pair was presented twelve
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times per poser, the location of the emotional face picture and the
location of the subsequent dot were counterbalanced across trials.
Each neutral–neutral face pair was presented six times per poser.
Overall, the experiment consisted of 528 trials. Emotional and
neutral pairs were presented randomly. Prior to the experiment,
participants completed 16 training trials with neutral–neutral
pairs with eight different posers (four female, four male posers)
to get familiar with the experimental paradigm. Concerning
emotional-neutral pairs, congruent trials were defined as trials
where the dot replaced an emotional face, whereas trials where
the dot replaced the neutral facial expression were considered as
incongruent trials. For the neutral–neutral face pairs, no con-
gruency effect was assessable. Thus, each dot replacement was
considered as neutral. After blocks of 44 trials, participants were
given short breaks if needed. Overall, EEG data collection took
around 45 minutes.
DATA ACQUISITION
Electroencephalogram was recorded from 59 Ag/AgCl ring elec-
trodes which were embedded in a fabric electrode cap in an
equidistant fashion (EASYCAP GmbH, Herrsching, Germany;
model M10). A further four electrodes were placed at both
outer canthi and 1 cm above and below the left eye to record
horizontal and vertical electrooculogram (EOG). These bipolar
EOG recordings were used off-line for eye-movement correction.
Electrodes on the seventh vertebra and on the right sterno-
clavicular joint served as reference site (Stephenson and Gibbs,
1951). Subsequently, a skin-scratching procedure was applied to
each electrode site to keep electrode impedances below 2 k
(Picton and Hillyard, 1972). EEG signals were amplified using
an AC amplifier set-up with a time constant of 10 s (Ing. Kurt
Zickler GmbH, Pfaffstätten, Austria). EEG was recorded within
a frequency range of 0.016–125 Hz and sampled at 250 Hz for
digital storage.
DATA ANALYSIS
As prior evidence (Tran et al., 2013) revealed strongest effects for
happy and angry faces among both men and women, only happy,
angry, and neutral face pairs were considered for analysis in the
present study.
Behavioral data analysis
Response times were defined as the interval from dot onset to
button press. Trials with response times faster than 200 ms and
slower than 1000 ms were discarded. Only correct trials were
considered for analysis (less than 1.5% of all trials were incorrect).
Mean reaction times were assessed and used to calculate emotion-
wise bias indices. First, the commonly used BI was calculated
via subtracting mean response times of congruent trials from
mean response times of incongruent trials. Secondly, the orienting
index (OI) was calculated via subtracting the mean response times
of congruent trials from mean response times of neutral trials.
Thirdly, the disengaging index (DI) was calculated via subtract-
ing mean response times of neutral trials from mean response
times of incongruent trials. OI and DI, as proposed by Salemink
et al. (2007), are considered to disentangle processes of increased
and facilitated orientation toward target stimuli (i.e., OI) from
processes of delayed and decreased disengagement from target
stimuli (i.e., DI). Previous research indicated that OI and DI
scores may be more valid indicators of attentional biases than
the commonly applied BI scores (Tran et al., 2013). Note that the
index scores OI and DI add up to the BI, but depend on neutral–
neutral trials for computation. The presence of attentional biases
was assessed using one-sample t-tests versus 0 in the overall
sample, as well as among women and men separately. Moreover,
we tested whether or not sex differences were also observable in
reaction times and questionnaire data.
EEG data analysis
Prior to data analysis, participant- and channel-specific coef-
ficients were calculated for weighting vertical and horizontal
eye movements which were assessed during two calibration tri-
als administered prior to the experiment. Subsequently, these
weighted EOG signals were subtracted from experimental EEG
data (Bauer and Lauber, 1979). Off-line data analysis was car-
ried out using EEGLAB 6.0.3b (Delorme and Makeig, 2004)
with Matlab 7.9.0 (The MathWorks, Inc., Natick, MA, USA).
A low-pass filter with a cut-off frequency of 30 Hz (roll-off
6 dB/octave) was applied to the data. Data were epoched start-
ing 100 ms prior to dot presentation with each epoch last-
ing 500 ms. The mean of the first 100 ms served as base-
line interval. Data were epoched according to emotion (anger,
happy, neutral), congruency condition (congruent, incongruent)
and according to the hemifield in which the emotional face
was presented prior to dot onset (right, left hemifield). The
factors congruency and hemifield was only available for angry
and happy faces. Nine experimental conditions were derived
after averaging participant- and condition-wise: anger-congruent-
R, anger-congruent-L anger-incongruent-R, anger-incongruent-
L, happy-congruent-R, happy-congruent-L, happy-incongruent-R,
happy-incongruent-L, and neutral.
A semi-automatic artifact removal procedure was applied to
these epochs. Artifact-afflicted trials with voltage values exceeding
±70 µV or with voltage drifts of more than 50 µV were automat-
ically marked by EEGLAB. During subsequent visual inspection,
the automatic markings were controlled and artifact-afflicted
trials were discarded from further analysis. Mean amplitudes were
assessed for probe P1 amplitudes (interval: 80–120 ms) at midline
electrode location Oz for all conditions.
Probe P1 mean amplitudes were investigated with a linear
mixed model, examining the factors sex, emotion (anger vs.
happy vs. neutral), congruency (incongruent vs. congruent), and
hemifield (right vs. left); congruency and hemifield were both
nested within emotion (effects of congruency applied only to the
emotions anger and happy, but not neutral; the same was also
true with regard to hemifield). Such a doubly nested design may
not be directly investigated with classical ANOVA, but demands
utilization of specific analysis tools, like the linear mixed model.
Parameters in the linear mixed model were estimated with max-
imum likelihood, using an unstructured covariance matrix. In
addition to the results of the effect tests, we report here Cohen’s d
of significant effects, derived from the effect estimates of the fitted
model, as no direct estimates of explained variance are provided
in linear mixed models.
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Additionally, difference waves were calculated with the
artifact-corrected EEG data, yielding measures on a physio-
logical level that were comparable to Salemink et al.’s (2007)
bias indices on the behavioral level. However, in order to
account for the nature of the ERP data, neutral trials always
served as subtrahend in our calculations to allow direct
comparison of ERP amplitude variation. Eight experimental
conditions were derived: anger-congruent-R-diff, anger-congruent-
L-diff, anger-incongruent-R-diff, anger-incongruent-L-diff, happy-
congruent-R-diff, happy-congruent-L-diff, happy-incongruent-R-
diff, and happy-incongruent-L-diff. Mean amplitudes for probe
P1 amplitudes were also extracted at Oz, 80–120 ms after probe
onset. These probe P1 mean difference wave amplitudes were
subjected to a four-way mixed-model ANOVA with the between-
subject factor sex, and the within-subject factors emotion (anger
vs. happiness), congruency (incongruent vs. congruent), and
hemifield (right vs. left). Classical ANOVA could be utilized
here, as all factors were fully crossed with one another (bal-
anced design). Significant interaction effects in the ANOVA were
explored with t-tests.
Furthermore, Spearman correlations (rs) were calculated to
explore the associations between probe P1 and probe P1 differ-
ence wave amplitude variations, behavioral measures, and ques-
tionnaire data. Significance was set at p < 0.05 (two-sided) for all
tests; p< 0.10 was interpreted as borderline significant. Partial eta-
squared (η2p) and Cohen’s d are reported as effect sizes, values of
η2p = 0.01/d = 0.20, η
2
p = 0.06/d = 0.50, and η
2
p = 0.14/d = 0.80
representing small, medium, and large effects. Fisher’s z-test was
applied to assess significant differences in correlation coefficients.
Statistical analysis was performed using PASW 18 (SPSS Inc., IBM
Corporation, NY, USA).
RESULTS
BEHAVIORAL DATA
Table 1 provides descriptive statistics on all bias indices and
psychological measures. The overall sample showed BI scores
for happy faces that were significantly lower than 0 [t(20) = –
4.49, p < 0.001, d = –0.98], indicating avoidance of happy faces
following the classical BI interpretation (MacLeod et al., 1986).
Taking the neutral trials into account, this result was reflected
in the borderline significance of OI happy scores [t(20) = 1.74,
p = 0.097, d = 0.38] which rather speaks for increased ori-
enting toward happy faces (Salemink et al., 2007; Cisler and
Koster, 2010). No other BI reached the significance level (all p-
values ≥0.280). When splitting the sample in male and female
subgroups, BI scores for happy faces were still significantly
lower than 0 in the male group [t(9) = –4.92, p = 0.001,
d = –1.56], and borderline significant in the female group
[t(10) = –2.14, p = 0.058, d = –0.65]. No other BI reached
significance in the subgroups (all p-values ≥0.139). Using a
more stringent significance level of p < 0.01 to control for
multiple testing, only BI scores for happy faces in the over-
all sample and among men reached significance. Per se, bias
indices did not differ between women and men (all p-values
≥0.128).
Reaction times did not differ between woman and men in
the current study (all p-values ≥0.137). Concerning question-
naire data and sex differences, significant differences between
women and men were only found in the TAS-26 subscale DDF
[t(19 = –3.21, p = 0.005, d = 1.40]. Male participants reported
more difficulties describing feelings than female participants. The
other comparisons did not reach significance level (all p-values
≥0.383).
Table 1 | Means and standard deviations of bias index scores, reaction times, and psychological measures.
Total sample SD Men (n = 10) SD Women (n = 11) SD Statistics sex differences
Bias indices
BI anger 2.17 9.10 4.39 9.14 0.16 9.00 t(19) = −1.07, p = 0.300
BI happy −5.35∗∗∗ 7.80 −8.08∗∗∗ 7.92 −2.86+ 7.13 t(19) = 1.59, p = 0.128
OI anger 2.44 11.63 4.82 14.76 0.27 7.97 t(19) = −0.89, p = 0.348
OI happy −3.31+ 13.00 −3.39 16.37 −3.23 9.83 t(19) = 0.03, p = 0.978
DI anger −0.26 8.80 −0.44 8.37 −0.11 9.58 t(19) = 0.08, p = 0.935
DI happy −2.04 10.97 −4.69 11.70 0.37 10.19 t(19) = 1.06, p = 0.303
Reaction times
Anger congruent 359.00 34.81 369.01 44.17 349.90 21.85 t(19) = −1.28, p = 0.218
Anger incongruent 361.17 37.88 373.39 45.70 350.07 26.56 t(19) = −1.45, p = 0.164
Happy congruent 364.75 36.29 377.22 44.23 353.41 23.99 t(19) = −1.55, p = 0.137
Happy incongruent 359.40 36.23 369.14 45.01 350.55 24.91 t(19) = −1.19, p = 0.250
Neutral 361.44 37.28 373.83 47.29 350.17 21.77 t(12.4) = −1.45, p = 0.172
SCL-90
Depression 4.71 5.25 4.00 6.83 5.36 3.50 t(19) = 0.58, p = 0.566
Anxiety 3.05 3.81 2.90 4.15 3.18 3.68 t(19) = 0.17, p = 0.871
GSI 0.27 0.25 0.24 0.32 0.29 0.18 t(19) = 0.44, p = 0.663
TAS-26
DIF 11.00 2.77 11.00 2.31 11.00 3.26 t(19) < 0.01, p > 0.999
DDF 10.76 2.70 12.40 2.07 9.27 2.37 t(19) = −3.21, p = 0.005
EOT 12.10 2.30 11.60 3.06 12.55 1.29 t(11.9) = 0.91, p = 0.383
+p < 0.10, ∗∗∗p < 0.001 in t-tests against 0 (see text).
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EEG DATA
Probe P1 mean amplitudes differed between sexes [F(1,21) = 8.31,
p = 0.009] and hemifield [F(1,21) = 5.94, p = 0.009], but not
between emotions [F(1,20.92) = 0.93, p = 0.412] or congruency
conditions [F(1,21) = 0.97, p = 0.397]. Moreover, there was an
interaction of sex by emotion [F(1,21) = 3.96, p = 0.035]. In
marginal means, women (M = 0.51 µV, SE = 0.50) and men
(M = –1.81 µV, SE = 0.52) differed overall by a large effect size,
d = 1.421 (see Figure 1); this effect was more pronounced for
happy faces (d = 1.76, p < 0.001 in simple effects analysis) than for
angry (d = 1.14, p = 0.016) or neutral faces (d = 0.53, p = 0.239).
The hemifields differed overall by a medium effect size, d = 0.65
(left: M = –0.31 µV, SE = 0.39; right: M = –0.90 µV, SE = 0.39).
Probe P1 mean difference wave amplitudes differed between
right and left hemifield [F(1,19) = 8.08, p = 0.010, η2p = 0.30],
but not between sexes [F(1,19) = 1.93, p = 0.181, η2p = 0.09],
1Excluding the one male participant who reported elevated levels in anxiety,
depression, and global psychological distress (see Participants), did not sub-
stantially change results [F(1,20) = 9.01, p = 0.007; marginal means: women:
M = 0.49 µV, SE = 0.50; men: M = -1.91 µV, SE = 0.55; d = 1.49].
emotions [F(1,19) = 0.32, p = 0.597, η2p = 0.02], or between
congruency conditions [F(1,19) = 0.81, p = 0.381, η2p = 0.04].
Probe P1 mean difference wave amplitudes were more positive
when the emotional face was presented in the left compared to
the right hemifield. All first-order interactions were not signif-
icant [sex by emotion: F(1,19) = 0.72, p = 0.407, η2p = 0.04;
sex by congruency: F(1,19) = 0.78, p = 0.389, η2p = 0.04; sex
by hemifield [F(1,19) = 0.25, p = 623, η2p = 0.01; emotion by
congruency: F(1,19) = 0.42, p = 0.523, η2p = 0.02; emotion by
hemifield: F(1,19) = 0.43, p = 0.522, η2p = 0.02; congruency
by hemifield: F(1,19) = 1.15, p = 0.298, η2p = 0.06]. However,
the triple interaction sex by emotion by congruency yielded a
significant result [F(1,19) = 4.66, p = 0.044, η2p = 0.20]. This
could be traced to a significant difference between men and
women in the happy-congruent-diff conditions [merged for both
hemifields; t(19) = 2.42, p = 0.026, d = 1.06; see Figure 2];
probe P1 mean amplitudes in this condition were enhanced
among women, but diminished among men relative to the neutral
condition (see also Figure 1). This resulted in relatively higher
amplitudes (i.e., more positive amplitudes) of the difference wave
FIGURE 1 | EEG amplitude courses elicited by probe presentation at
electrode Oz. Panel (A) displays P1 amplitudes separately for women (left,
n = 11) and men (right, n = 10). Panel (B) displays P1 amplitudes for all
participants, separately after emotional face presentation in the left and
right visual hemifield. Note that the condition neutral is included in both
figures of panel (B) for demonstrational purposes. Negative is drawn
upward per convention. The rectangles denote probe P1 analysis time
window.
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A
B
FIGURE 2 | Panel (A) displays EEG courses at electrode Oz of the
difference wave amplitudes of the condition happy-congruent minus neutral
for women (red) and men (blue). Panel (B) displays P1 difference wave
amplitudes at Oz merged for all conditions in which the emotional face was
presented in the left (pink) and right (light blue) visual hemifield. Negative is
drawn upward per convention. The rectangles denote probe P1 analysis
time window.
among women than men in the P1 time range. Men and women
did not differ significantly in any of the other merged condi-
tions (anger-incongruent-diff : t(19) = 1.32, p = 0.204, d = 0.58;
anger-congruent-diff : t(19) = 0.47, p = 0.645, d = 0.21; happy-
incongruent-diff : t(19) = 0.21, p = 0.834, d = 0.09). The remaining
triple and the four-way interaction were not significant (all p-
values ≥0.217).
We observed no significant correlations between bias indices
and ERP amplitudes following angry (all p-values ≥0.074) or
happy faces (all p-values ≥0.127) in the total sample. Sepa-
rately for women and men, no significant correlations were
found in women (all p-values ≥0.096). However, in men sig-
nificant correlations were observed for DI happy scores and
probe P1 mean amplitudes in the conditions anger-congruent-
R (rs = –0.70, p = 0.025) and happy-incongruent-R (rs = –
0.72, p = 0.019). The correlation between DI happy scores and
probe P1 mean amplitudes of anger-congruent-R revealed the only
significant difference between both sexes in these correlational
analyses (z = 1.99, p = 0.048). Men showed a negative correlation
whereas woman a non-significant positive one (rs = 0.16,
p = 0.631).
ALEXITHYMIA ANALYSES
The TAS-26 subscales did not significantly inter-correlate (all p-
values≥0.236). Anger BI scores correlated borderline significantly
with TAS-26-DDF scores (rs = 0.42, p = 0.056; all other p-values
≥0.116). Probe P1 mean amplitudes correlated negatively with
TAS-26-DIF scores in the following conditions: anger-congruent-
L (rs = –0.49, p = 0.025), happy-incongruent-R (rs = –0.45,
p = 0.041), and happy-congruent-L (rs = –0.53, p = 0.013). Nega-
tive correlations between probe P1 mean amplitudes and TAS-26-
DDF scores were observed in the happy-congruent-L (rs = −0.44,
p = 0.046) and happy-congruent-R conditions (rs = −0.56,
p = 0.008). Neither of the associations with TAS-26-DIF scores
were fully qualified by participant sex (controlling for sex, the par-
tial Spearman correlation coefficients were rs = −0.57, p = 0.008;
rs = −0.49, p = 0.026; rs = −0.64, p < 0.001), nor was the
negative association of TAS-26-DDF scores with amplitudes in
the happy-congruent-R condition (partial rs = −0.61, p = 0.002);
however, the association of TAS-26-DDF scores with amplitudes
in the happy-congruent-L condition lost its significance (partial
rs = −0.31, p = 0.180), even though still pointing in the same
direction. Probe P1 difference wave amplitudes correlated nega-
tively with TAS-26-DDF in happy-congruent-R-diff (rs = −0.44,
p = 0.045). However, controlling for sex, this correlation was
substantially reduced in magnitude and rendered insignificant,
partial rs =−0.28, p = 0.233.
Calculating the correlations separately in women and men,
correlations with TAS-26-DIF scores remained mostly signif-
icant. In women, significant correlations were observed for
probe P1 mean amplitudes for the conditions anger-congruent-
L (rs = −0.66, p = 0.027), happy-incongruent-R (rs = −0.62,
p = 0.043), and happy-congruent-L (rs = −0.82, p = 0.002); in
men only for happy-incongruent-L (rs = −0.67, p = 0.033). The
correlations between TAS-26-DIF scores and probe P1 difference
wave scores yielded only a significant correlation in women for the
condition happy-congruent-L-diff (rs =−0.71, p = 0.015). No sig-
nificant correlations were found for TAS-26-DDF scores and any
ERPs (all other p-values≥0.068). Spearman correlations between
TAS-26-DIF scores and probe P1 mean amplitudes and difference
wave amplitudes did not significantly differ between women and
men (all p-values ≥0.095), neither did the correlations between
TAS-26-DDF scores and the ERPs (all p-values ≥0.131).
DISCUSSION
This study examined sex differences in probe P1 amplitudes,
using the dot probe paradigm, and explored the usefulness of a
difference wave approach for investigating attentional biases. We
found that probe P1 amplitudes were overall enhanced among
women, compared to men, in particular after rewarding facial
stimuli. This adds to prior evidence, suggesting that neural activ-
ity during early visual processing stages is enhanced in women
compared to men (Sass et al., 2010). It further underlines that
neuroscientific studies may need to control and adjust for par-
ticipant sex both with regard to study design and analysis (see
Cahill, 2006). Moreover, we found that probe P1 amplitudes
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were enhanced when the emotional face was presented before-
hand in the left compared to the right visual hemifield which
might be due to component overlap with offset potentials of
the preceding emotional stimuli. Only a few previous studies
considered the factor hemifield in their analyses. Some studies
observed no significant influence of hemifield (Pourtois et al.,
2004; Eldar et al., 2010). However, in line with the current results,
Brosch et al. (2011) observed larger probe P1 amplitudes when
the probes were presented in the left hemifield. Our results can
further be related to early research on hemispheric control of
spatial attention. Kinsbourne (1974) postulated neuronal con-
trol networks in both hemispheres which interact in a mutually
inhibitory way. Subsequent research showed that activation in one
hemisphere led to orienting attention to the side of the other
hemisphere (Reuter-Lorenz et al., 1990). Moreover, the bias of
the right hemisphere executed on left-hemispheric activations was
observed to be stronger than vice versa (Reuter-Lorenz et al.,
1990). More recent theoretical assumptions emphasize compet-
itive interactions between the hemispheres controlling spatial
attention though (Szczepanski and Kastner, 2013). In any case,
the observed effects of hemifield on probe P1 amplitudes further
indicate hemispheric lateralization during stimulus processing
in the dot probe task. Future studies should by default include
hemifield in their analyses to allow stronger testing of hypotheses
concerning lateralized emotional stimulus processing and spatial
attention effects.
Using neutral–neutral stimulus pairs in the dot probe task,
which served as a baseline in a difference wave approach, we fur-
ther obtained additional preliminary evidence that, relative to this
baseline, women showed specifically enhanced probe P1 ampli-
tudes with regard to rewarding (i.e., happy) facial stimuli after
congruent stimulus presentation. Previous behavioral research
has suggested that healthy women show delayed disengagement
specifically from happy faces (Tran et al., 2013). This could not be
confirmed with the behavioral data in the present study. However,
our results corroborate previous findings on the neuronal level.
It may be speculated that this effect is more readily observable
on a neuronal level, but demands larger sample sizes to also be
observed on the behavioral level (Tran et al., 2013, investigated
the data of 173 women and 174 men). Differences between men
and women in the allocation of attention toward rewarding and
threatening stimuli need to be investigated in much more detail
in the future. Our results suggest that a difference wave approach
might be optimally suited for such an endeavor and should
therefore be followed up.
Using the classical mean amplitudes approach, no threat-
related probe P1 amplitude variation in response to target pro-
cessing was observed. This is in line with a study by Eldar et al.
(2010), but is contradictory to others (Santesso et al., 2008;
Brosch et al., 2011). As suggested by Eldar et al. (2010), however,
different results may have been partially caused by differences in
the experimental paradigms and set-ups. Task demands such as
giving a motor response or withholding a motor response might
have top-down influence on early stimulus processing ERPs as a
function of attentional load (Fu et al., 2010). Even the temporal
distance (i.e., stimulus onset asynchrony) between face pair onset
and probe onset may be important, both on the behavioral
(e.g., Brosch et al., 2011) and the neuronal level (Wykowska and
Schubö, 2010).
The difference wave approach utilized in the present study
revealed additional information which could not be captured
with the classical analysis approach. The significant differences
between men and women during the probe P1 time range fol-
lowing congruently primed happy faces suggests that women allo-
cated more attentional resources to the happy face stimuli than
men, and that their attention was still captured by these stimuli
during probe presentation. In Salemink et al.’s (2007) notion,
this might be interpreted as delayed disengagement from these
stimuli. Emotional facial displays serve as social cues containing
important information during social exchange situations (Rolls,
2000). Happy faces can be seen as approach signals initiating
affiliative tendencies, whereas angry faces signal rejection and
non-affiliation (Frijda et al., 1989; Bourgeois and Hess, 2008).
It might be an evolutionary residue that women allocate more
attentional resources to happy faces than men, thereby increasing
their chances of affiliation. However, there is also ample evi-
dence showing that gender role promotes specifically prosocial
and supportive behavior in close relationships among women
(Eagly, 2009), and that sociocultural influences and gender role
socialization also contribute to sex differences in anxiety (McLean
and Anderson, 2009).
Lastly, probe P1 and probe P1 difference wave amplitudes
showed associations with self-reported difficulties in identify-
ing and describing feelings. Participants with problems in the
identification of feelings showed less activation after angry and
happy faces, whereas participants with problems in describing
feelings showed less activation only after happy faces in the
congruent conditions. In particular women showed a nega-
tive association between difficulties in describing feelings and
neuronal correlates after congruently presented happy facial
displays—again in the one condition were sex differences were
most evident. Previous research has suggested that alexithymia
is not associated with a lack of emotional awareness per se,
but may entail more effort in the processing of emotional
information (Franz et al., 2004). Our results do not directly
lend to this interpretation, but were instead suggestive of early
processing deficits in alexithymia (e.g., Eichmann et al., 2008;
Reker et al., 2010; Pollatos and Gramann, 2011). Applying a
passive viewing paradigm, Pollatos and Gramann (2011) also
observed reduced P1 amplitudes in response to emotional stim-
uli in participants with high levels of alexithymia, most pro-
nounced for pleasant and neutral stimuli. Further in line with
our results, these authors reported that in particular difficulties
in describing feelings explained the variance in P1 amplitudes
in their sample. In conclusion, our findings corroborate that
alexithymia is a correlate of reduced emotional reactivity on a
neuronal level. These findings need to be followed up in future
studies.
Limitations pertain to the relatively small sample size and the
mostly non-clinical nature of our sample which was not assessed
via a structured clinical interview but via self-report. The previ-
ously reported delayed disengagement from happy faces among
healthy women on the behavioral level could not be confirmed in
the present study, which could, however, also be sample-related.
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Generally, our present findings need to be replicated in larger
samples and should be, therefore, regarded only as preliminary.
Moreover, sex differences in (probe) P1 amplitudes need to be
investigated also in clinical samples to determine the generaliz-
ability of our results also with regard to clinical populations. The
internal consistency of the externally oriented thinking factor in
the TAS-26 was unacceptably low. It may not be ruled out that
probe P1 amplitudes correlate also with this factor in more het-
erogeneous or more alexithymic samples, where a higher internal
consistency of this measure may be expected.
In conclusion, the current results demonstrate that even
healthy men and women differ in their neural activation while
allocating attention to emotional stimuli, in particular to reward-
ing ones. This needs to be considered in studies of attentional
biases, both in samples from the general population, but also
in clinical samples. The current study was the first to use a
difference wave approach to investigate attentional processes of
orientation and disengagement which allowed us to detect more
subtle differences between the two sexes. We recommend that
future attentional bias studies include neutral–neutral trials to
be able to use the difference wave approach for their research
questions. Furthermore, alexithymia may need to be considered
more closely in studies on attentional biases with facial stimuli.
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